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摘要
应用数据挖掘技术进行地质储层预测，在石油开发中是一项重要的技术。
由于大多数地震数据并不具有监督信息，故而聚类技术成为了地质结构分析的
首选方法。每个工区的一个地震属性可以看作是一个图像，而且地震数据来源
于地质空间方位信息：在同一区域内部数据具有较大的相似性，而在不同区域
里的数据的差异性则较大。根据上面两点，文中提出一种基于多相水平集图像
分割的地震数据聚类分析算法，这个算法包括2个步骤：数据初始化，数据分
割及聚类。数据初始化能大大约减数据量，使得后面的图像分割步骤更加的快
速，在数据分割及聚类中将Li[1]提出的基于局部灰度聚类的多相水平集的图像
分割算法应用扩展到七个目标区域的地震属性数据分割上，而且由于原始地震
属性数据信息量大，即使经过数据降维处理，数据的维数仍然不止一维，图像
分割算法是在平面上进行图像分割，所以考虑把基于局部灰度聚类的图像分割
算法扩展到多维数据分割，使其能够处理高维不均匀地震数据，最后简单的通
过每个数据点分割后的三个水平集的正负组合对数据点归类。
最后对聚类的结果进行了聚类有效性评价。把基于多相水平集图像分割的
地震数据聚类分析算法和在实际地质储层预测中得到良好效果的k均值算法通过
三个相对指标进行比较：对于I指标和SD指标来说，基于多相水平集图像分割的
地震数据聚类分析算法要优于k均值算法，对于Dunn指标，由于奇异点的影响
导致基于多相水平集图像分割的地震数据聚类分析算法不如k均值算法。综上，
可以得到基于多相水平集图像分割的地震数据聚类分析算法在聚类效果上要优
于k均值算法。
关键词：多相水平集； 图像分割； 地震数据聚类
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Abstract
Application of data mining technology for geological reservoir prediction in oil
development is of great significance. Since most of the geological data does not con-
tain supervised information, so clustering technology has become the preferred method
of geological structure analysis. Each seismic attribute of a work area can be regarded
as an image, and because the seismic data is derived from the geological space azimuth
information: the data in the same region has a large similarity, and the difference be-
tween the data in the different regions is large. According to the above two points,
this paper presents a geostructure cluster analysis algorithm based on multi-phase level
set image segmentation. This algorithm includes two steps: data preprocessing, data
segmentation and clustering. The initialization process consists mainly of two parts,
the first part is the seismic attribute data cleaning, the second part is the dimensionality
reduction of the seismic attribute data. The purpose of data cleaning is mainly focus on
removing invalid data and replacing with valid one to ensure the integrity of the regional
data; in many cases, not all dimensions of high-dimensional data sets for the real impor-
tance of the underlying information is valid, the purpose of dimension reduction is to
simplify the data, making the data more appropriate. In order to achieve this, we need
to map high-dimensional data to low-dimensional data and to ensure that some impor-
tant attributes (such as locality, other geometric properties) are preserved, thus greatly
reducing the data without invalid information and redundant information, which can
accelerate and simplify the computation in segmentation procedure in turn. In the data
segmentation and clustering, the application of image segmentation algorithm based
on local gray-level clustering of multi-phase level proposed by Li [1] is extended to the
seismic attribute data segmentation of seven target regions. And because the original
seismic attribute data information is large, even after the data dimension reduction pro-
cessing, the dimension of the data is still more than one dimensions, the image segmen-
tation algorithm based on local gray-scale clustering is extended to multidimensional
data segmentation, so that it can deal with high-dimensional non-uniform seismic data.
As a result, each data point is classified into one of seven classes according to its signs
in three level set function.
Finally, the clustering validity of the clustering is evaluated. The geometric struc-
ture clustering analysis algorithm based on the multi-phase level set image segmenta-
tion and the k mean algorithm which gets good effect in the actually geological reser-
voir prediction are compared by three relative indexes: for the I and SD index, the
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clustering analysis algorithm of geologic structure with multi-phase level image seg-
mentation is superior to the k mean algorithm. For the Dunn index, due to the influence
of singularity, the clustering analysis algorithm of geological structure based on multi-
phase level image segmentation is not as good as k mean algorithm. In conclusion,
the clustering analysis algorithm based on multi - phase level image segmentation is
superior to k mean algorithm in clustering effect.
Key Words: Multi-phase Level Set; Image Segmentation; Seismic Data Clustering
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